Using nonequilibrium Green functions and several complementary many-body approximations we calculate shot noise and spin dependent conductance in carbon nanotube semiconducting quantum dot in spin-orbital Kondo regime. We point out on the possibility of reaching giant values of tunnel magnetoresistance in this range and discuss a prospect of its gate control. We also analyze the influence of symmetry breaking perturbations on the shot noise with special emphasis on spin dependent effects. The gate and bias dependencies of noise Fano factors influenced by magnetic field, polarization of electrodes and spin-flip processes are presented.
I. INTRODUCTION
Within the last decade a growing interest in studying of noise of mesoscopic systems is observed [1] [2] [3] [4] . As the dimension of the device goes on scaling down and only few conducting channels are saved giving a total conductance of order of conductance quantum e 2 /h the system becomes more sensitive to the noise. Due to the random processes governing transport current is fluctuating in time even under dc bias. These fluctuations originate from granularity of carriers (shot noise) and from thermal disturbance (thermal noise) [1] .
The thermal noise reflects the fluctuations in the occupations of the leads due to thermal excitation, and vanishes at zero temperature. It is related to the linear conductance via the fluctuation-dissipation theorem and thus does not carry extra information other than that obtained from ordinary conductance measurements. The shot noise is a purely nonequilibrium property and it results from the fact that current is not a continuous flow, but a sum of discrete pulses in time, each corresponding to the transfer of electron through the system. The latter fluctuations do not manifest in macroscopic systems since the inelastic scattering e.g. electron-phonon smoothes them, leaving only thermal noise. In contrast to thermal noise, shot noise cannot be eliminated by lowering the temperature. The shot noise reveals information of transport properties which are not accessible by conductance measurements alone for example about the kinetics of electrons and about the correlations of electronic wave functions. For uncorrelated carriers, shot noise is Poissonian. Deviations from the Poissonian noise appear to be due to correlations between electrons. Fermi-Dirac statistics or the way carriers scatter and interact within a sample strongly affect shot. Usually Coulomb repulsion and Fermi statistics both tend to smooth electron flow, thereby reducing shot noise below the uncorrelated Poissonian limit, but under certain conditions the interplay of Fermi statistics and interactions can lead to electron bunching i.e. to superPoissonian correlations [5] . The advances in nanofabrication techniques opened a new path in studying correlation effects. Of special interest in this respect is Kondo effect -a formation of the many body dynamical singlet between a localized spin and delocalized conduction electrons [6] , observed in semiconductor-based quantum dots (QDs) [7] [8] [9] [10] and molecular nanostructures [11] [12] [13] [14] . The tunability of nanostructures and their amenability to electrical measurements have allowed studies of Kondo effect in a controlled way, in particular in nonequilibrium. Spin Kondo effect in nanostructures is well understood [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] and recently this knowledge has been enriched by analysis of current correlations [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . It has been theoretically predicted [35] and experimentally verified [32] that in the unitary Kondo regime the shot noise of SU (2) QDs is enhanced via back-scattering processes and a universal effective charge 5/3e has been measured. An important issue for spintronics is how Kondo physics is affected by magnetic field [38] [39] [40] [41] [42] [43] or what is the impact of ferromagnetic electrodes [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] . The Kondo effect can also occur, replacing the spin by orbital [57] or charge [58, 59] degrees of freedom. Spin and orbital degeneracies can also occur simultaneously leading to highly symmetric Kondo Fermi liquid ground state. SU (4) group is the minimal group allowing orbital-spin entanglement, which guarantees rotational invariance in spin and orbital spaces. The four states entanglement is interesting for quantum computing, because each 4-state bit is equivalent to two 2-state bits, so the 4-state bits double the storage density. The unambiguous consequence of SU(4) symmetry is a "halfed" zero bias conductance reflecting a shift of Kondo peak away from the Fermi level to ω ∼ k B T
This can be understood from Friedel sum rule, which in this case gives corresponding phase shift at the Fermi level δ = π/4. The resulting broadening of Kondo peak, as compared to SU(2) case means exponential enhancement of Kondo temperature, which makes these structures interesting for practical applications. The observation of SU(4) Kondo effect has been reported in vertical quantum dots [57] and in carbon nanotubes (CNTs) [60] [61] [62] [63] . The problem of simultaneous screening of charge or orbital degrees of freedom and spin has been widely discussed also from the theoretical point of view [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] , but there are only very few attempts to discuss noise in this range [79] [80] [81] [82] . References [80, 81] , which are based on the phenomenological Fermi liquid description (F − L) discussed some general aspects of the noise in the strong coupling fixed point regime of SU(4) and predicted enhanced shot noise with universal charge e * = 0.3e. This suggestion has not been verified yet, because, due to the residual symmetry breaking perturbations this range is not easily accessible in experiment. The sole experiment on the noise in spin-orbital Kondo range of CNT-QD has been carried by Dellatre et al. [82] in the range T ∼ T K /3 and eV ≤ 3k B T K . It has been
shown for the first time in this paper that unitary Kondo regime remains noisy in SU (4) limit. These authors also pointed out on scaling properties of the noise and have shown that their experimental results were reasonably described by temperature-dependent slave boson mean field theory.
The aim of the present paper is to examine an impact of the symmetry breaking per-turbations on the noise of spin-orbital Kondo systems. In particular we focus on the spindependent shot noise. This topic has received very little attention up to now. With exception of a very recent single result on the magnetic field dependence of noise in SU(4) Kondo regime [79] , all other publications on the noise in Coulomb blockade and Kondo ranges concern SU(2) symmetry (see e.g. [83] [84] [85] [86] [87] [88] [89] [90] [91] ). Although our considerations are general we address our discussion to CNT-QDs because these systems exhibit high Kondo temperature and are well suited for the examination of the noise [82] . The low energy band structure of semiconducting carbon nanotubes is orbitally doubly degenerate at zero magnetic field [92, 93] . This degeneracy corresponds to clockwise and counterclockwise symmetry of the wrapping modes in CNTs [92] . Field perpendicular to the nanotube axis breaks the spin degeneracy, whereas parallel field breaks both spin and orbital degeneracy. For perpendicular orientation apart from the central orbital Kondo peak also satellites reflecting spin fluctuations occur in the density of states (DOS), whereas for parallel field both, spin and spin-orbital fluctuation satellites are observed. Their occurrence is reflected by a depression of the shot noise for the fields or voltages corresponding to the energy of their position.
Currently there is a widespread interest in developing new types of spintronic devices and carbon nanotubes deserve special attention in this respect due to their long spin lifetimes [94] . In this paper we discuss field induced spin filtering and giant tunnel magnetoresistance (T MR). The role of polarization of electrodes is twofold, it makes the tunneling processes spin-dependent and it introduces an effective exchange field via spin-dependent charge fluctuations [48] [49] [50] 54] . The calculated Fano factors, which quantify the deviation from the Poissonian noise for both spin orientations are sub-Poissonian, but for large polarization the minority spin Fano has a value close to Poissonian, whereas majority shot noise is almost completely suppressed and corresponding Fano factor takes the values close to zero. An important question for spintronic application is the influence of any possible spin-flip processes on transport. In the absence of spin-flip scattering the currents of spin-up electrons and spin-down electrons are independent. Spin-flip scattering mixes the spin currents and induces current opposite-spin correlations. These correlations provide additional information about spin-dependent scattering processes and spin accumulation, which is important for spintronic applications.
Our considerations are based on non-equilibrium Keldysh Green functions [95] and we use different complementary many-body methods that span the physically relevant regimes.
The slave boson mean field approaches (SBMFA) [96, 97] [98] [99] [100] and noncrossing approximation (NCA) [101, 102] are better adopted for higher temperatures and voltages. Compared with the conductance of a system, shot noise is more difficult to investigate experimentally. There are several methods to detect noise such as cross correlation [103] or SQUID-based resistance bridge [104] . Shot noise occurs when the sample is biased and it can be only detected if the frequency is high enough to overcome extrinsic 1/f noise caused by fluctuations in the physical environment and measurement equipment. Typically these experiments are performed in the kHz to MHz range, sometimes higher [5, 82, 105, 106] . In the present paper we focus on the noise power spectrum in the zero-frequency limit, but to gain an understanding of the range of validity of zero-frequency results we compare them with finite frequency calculations.
The paper is organized as follows. In Sec. II we describe the single level model of CNT-QD, next we briefly review the many-body techniques used in the discussion and we introduce the expressions for the current and shot noise together with a short comment on the applicability of the latter. Numerical results and their analysis are given in Sec. III, where we first discuss frequency range of validity of the calculations and compare shot noise for the full spin-orbit degenerate SU(4) Kondo obtained in different approximations and set the results together with analogous for SU(2) symmetry. Next we discuss the influence on the noise of different symmetry breaking perturbations including parallel and perpendicular magnetic fields, polarization of electrodes and the effect of spin-flip scattering. Finally, we
give the conclusions in Sec. IV.
II. FORMULATION A. Model Hamiltonian
We consider a single-wall semiconducting carbon nanotube quantum dot coupled to two electrodes which can be either nonmagnetic or ferromagnetic. CNT exhibits fourfold shell structure in the low energy spectrum [14, 107] . This electronic behavior originates from a particular combination of the symmetry of the graphene band structure and the quantization of momentum imposed by periodic boundary conditions along the nanotube circumference [108] . The orbital degeneracy can be intuitively viewed to originate from two equivalent ways electrons can circle the graphene cylinder, that is clockwise and anti-clockwise. The rotational motion results in additional to spin orbital magnetic moments of electrons, typically an order of magnitude larger than Bohr magneton. In the following we use the single energy shell model, which corresponds to the case of a short CNT-QD, but it gives also a qualitative insight into the many level SU(4) Kondo problem for large separations between the levels [109, 110] . The Hamiltonian of the system, which includes different symmetry breaking perturbations discussed in this paper takes the general form:
The first two terms describe noninteracting itinerant electrons in the leads:
(α = L) for the left electrode and (α = R) for the right, ǫ kαmσ is the energy of an electron in the lead α with wave vector k, spin σ (σ = ±1) and orbital number m (m = ±1). The spin polarization of the leads P α is defined by spin dependent densities of the state ρ ασ as P α = (ρ α+ − ρ α− )/(ρ α+ + ρ α− ), (P = P α ). In the following the wide conduction band approximation with the rectangular density of states is used ρ αmσ (ǫ) = ρ ασ = 1/(2D ασ ) for |ǫ| < D ασ , D ασ is the half bandwidth. The dot Hamiltonian is given by:
We set |e| = g = µ B = k B = = 1. The first term represents the field (h) and gate voltage (V g ) dependent dot energies: 
The spin-dependent coupling strength to the lead α is described by Γ αmσ = 2π k |t αm | 2 δ αmσ (ǫ − ǫ kαmσ ). It is assumed that the tunneling amplitude t αm is independent of the spin and only the spin-dependent density of states accounts for the ferromagnetic properties of the leads. We assume in the following equal coupling for both orbitals t α1 = t α−1 , but in general allow for the left-right asymmetry t Lm = γt Rm . One can express coupling strengths for the spin-majority (spin-minority) electron bands using polarization parameter as Γ αmσ = Γ αm (1 + σP α ) with Γ αm = (Γ αm+ + Γ αm− )/2 and Γ = αmσ Γ αmσ .
The unperturbed Hamiltonian of the full spin-orbital symmetry H SU (4) corresponds in the present formulation to the case of paramagnetic electrodes (P α = 0), vanishing magnetic field (h = 0), full chiral symmetry (orbital degeneracy ∆ orb = 0) and lack of the spin-flip processes at the dot (R = 0).
B. Many-body aproximations and their limitations
We briefly review now the different complementary methods employed by us to find the single particle Green functions. Concerning EOM approach we present the calculations for both the infinite Coulomb interaction limit and for Coulomb parameters corresponding to the typical charging energies of CNT-QDs. We compare the results with the slave boson calculations performed in infinite Coulomb interaction limit. Such a simplifying approach is justified since charging energy in the discussed CNT-QDs is substantially larger than all other energy scales.
1) The slave boson mean field approximations 
The last term in Eq. (6) with the Lagrange multiplier λ is the constraint, which assures the single occupancy at the dot. In the mean field approximation (MFA) the slave boson operator is replaced by its expectation value b = b , thereby neglecting charge fluctuations and the problem is formally reduced to the free-particle model with the renormalized hopping integral t αm = bt αm and site energy ǫ mσ = ǫ mσ + λ. The stable solution is found from the saddle point of the partition function i.e., from the minimum of the free energy with respect to the variables b and λ. The corresponding self-consistent SBMFA equations relating the MFA parameters with nonequilibrium Green functions (NGF) read:
where the nonequilibrium lesser Green functions are defined as: 
The effective hopping term in Eq. (9) is expressed by z
The parameters λ, λ mσ , e, p mσ are obtained in a similar way as in Eqs. (7) 2) The non-crossing approximation One can avoid the earlier mentioned high temperature drawback of SBMFA performing the 1/N expansion around the mean-field solution [6, 101, 102] . NCA is the lowest order self-consistent approximation which includes such corrections. Since in the present paper we only use this method marginally for comparison of approximations we do not cite here the explicit expressions for coupled NCA equations which determine boson and fermion self energies and propagators. The interested reader is referred to [101] . Let us only mention that NCA is valid for a wide range of voltages and temperatures, including the region close to T K and it gives reliable results down to a fraction of T K , but it fails to describe the low-energy Fermi liquid fixed point correctly. It is also well known for SU (2) symmetry that NCA introduces spurious peaks at chemical potentials for systems perturbed by magnetic field [102] . This is a consequence of neglect of vertex corrections. The same drawback is expected for perturbations of SU(4) Kondo systems that lift the orbital degeneracy.
3) Equation of motion method
This method can work in the whole parameter space except the close vicinity of Kondo fixed point. It breaks down at low temperatures. We apply this approach for the all types of the discussed perturbations. EOM method consists of differentiating the Green functions with respect to time which generates the hierarchy of equations with higher-order Green functions (GFs). In order to truncate the series of equations we use the self-consistent procedure proposed by Lacroix [98] which approximates the GFs involving two conductionelectron operators by:
The correlations c
play the leading role in Kondo effect. For detailed analysis of EOM hierarchy and decoupling schemes see e.g. [99, 100] . It has been theoretically predicted [49] and experimentally confirmed [54] that ferromagnetic electrodes induce a local exchange field which polarizes the localized spin in the absence of any external fields and the Kondo resonance splits. This splitting originates in spin-dependent charge fluctuations. NCA cannot be used for description of these processes due to the mentioned drawbacks in analysis of effect of magnetic field or polarization. The equation of motion method for finite Coulomb interactions is a tool which in principle can handle this problem, but getting a consistent picture requires going beyond Lacroix decoupling (Eq. (10)). Instead of a tedious task of dealing with higher order GFs we adopt in our numerical calculations, following [49] , an expression on the spin splitting based on perturbative scaling analysis [111] .
C. Current and shot noise
Current flowing through CNT-QD in the |mσ channel I mσ = (I Lmσ − I Rmσ )/2 can be expressed in terms of the lesser Green functions as follows [95] :
The corresponding conductances are defined as
The useful quantities characterizing the spin dependent transport are polarization of conductance 
where ∆Î αmσ (t) is the fluctuation of the current operator around its average value ∆Î αmσ (t) =Î αmσ (t) − I αmσ (t). The Fourier transform of the current noise called noise power is:
More explicitly the current noise can be expressed by correlators, which involve two Fermi operators of the leads and two operators of the dot as follows [32, 87] :
where:
Finding an accurate expression for the shot is a formidable task since it involves not only the usual many body expansion, but also the analytical continuation of two and more particles GFs. Following many papers [32-34, 87, 112] , we introduce a crude approximation which decouples the correlator (15):
and in a similar fashion the rest of correlation functions (15) . Decoupling (16) is exact in the case of independent particles and clearly it also applies for the slave boson MF Hamiltonians (6,9). The approximation (16) is consistent with Lacroix decoupling we use in the single particle problem (10) . It is believed that the more conduction electrons a two-body Green function involves, the less correlation effects it includes [34] . For the single particle properties however the omitted correlations are only small correction, whereas for the shot noise these correlations might be of importance due to the possible interactioninduced scattering. Inelastic scattering is out of importance for the current in SU(4) Kondo systems because backscattered charges vanish [80, 81] . But it has been shown that it had an impact on the noise [81] . A more sophisticated treatment beyond approximation (16) is thus required if one wants to take into account finite frequencies and properties far from equilibrium, but it is outside the scope of this paper. In the present discussion correlations are implicitly included in formula (14) by Kondo correlations build up in the single particle
Green functions and by non-equilibrium form of the Green function which is influenced by correlations. Applying the operational rules as given by Langreth [113] to the Dyson equation for the contour-ordered Green functions one gets the following Keldysh equation
for the lesser and greater functions [95] , where G r(a) (ω) denotes retarded(advanced) GF. We use Ng ansatz [114] to approximate the lesser self energy
are noninteracting lesser and greater self-energies coming from the tunneling of electrons from the dot to outside leads and f α (ω) is Fermi-Dirac distribution function for the α electrode. Λ(ω) is a matrix which can be determined by the Keldysh requirement
where Σ r(a) (ω) are retarded (advanced ) self-energies for the interacting QD. As a result
The advantage of Ng approximation is that it is exact in equilibrium limit, is exact in nonequilibrium for noninteracting particles and it preserves continuity of current condition in the steady state limit [114] . Using decoupling (16) and performing Fourier transform of (14) one gets the noise power spectrum in Ng approximation in the form:
To express the noise in a more compact way let us introduce, following Ref [89, 112] , the generalized transmission matrix T αβ , which incorporates the nonequilibrium effects of Coulomb interaction:
The nonequilibrium GFs in Ng approximation can now be written as
, that the spectral density of noise (17) in zero frequency limit can be written down as a sum of effective Landauer-Buttiker term with generalized transmission (the first two terms of (19) and the first term of (20)) and correction, the latter vanishes at zero temperature:
In a similar way current can be expressed as:
It is seen, that for finite temperature and for finite frequency, noise even in the crude approximation (16) cannot be expressed solely in terms of effective transmission probabilities. In the SBMFA picture Λ(ω) is the unit matrix Λ(ω) = I and effective noninteracting particles bias dependent transmission reads:
where
. Due to the charge conservation the zero frequency auto and cross-correlations are related by
. The total charge current noise is a sum of partial spin or spin-orbital contributions S c LL = σν S LσLν = mσν S LmσLmν . A convenient means to assess how correlations affect shot noise is the Fano factor F defined as the ratio between the actual shot noise S and the Poissonian noise for uncorrelated carriers F = S/(2I).
III. RESULTS

A. SU(4) Kondo system
We parameterize the SU(4) Hamiltonian of CNT-QD by three parameters: charging energy U, the tunnel rate between the QD and the reservoirs Γ and the half bandwidth of the electrodes D. The assumption of SU (4) [118] . The value of the orbital magnetic moment µ orb , which scales with CNT diameter, can be estimated from the experimental average slopes between the two Coulomb peaks that correspond to the addition energy of the electrons to the same orbital state [60] and in our discussion we assume µ orb = 10, which corresponds to the diameter d = 2.9 nm. Kondo temperatures corresponding to the above intervals of parameters fall in the range of several K and the separation between fully degenerate energy states of short CNT is of order of several meVs [61, 116] , and naturally is larger than Γ.
The Fermi energy is taken as zero energy E F = 0. The dc bias voltage across the left and
Our discussion is based on the single shell model (1) (2) (3) (4) (5) . It has been shown [109, 110] , that such an oversimplified approach to the Kondo problem of multilevel systems is justified if the separation between the levels is large as compared to the Kondo temperature. The position and coupling of the effective single level are then understood as renormalized by transitions to higher levels. Charging energy is much larger than coupling to the leads and for illustrative purposes we compare in some cases, the large but finite U results with infinite U limit. In the numerical calculations we concentrate on quarter-filling i.e. it is assumed that one electron occupies the electronic shell of QD. The aim of the present paper is to discuss noise in SU(4) Kondo systems tentatively omitting the detailed analysis of the unitary limit for two reasons. First it is experimentally difficult to probe the ultimate low-energy limit, and secondly a breakthrough in understanding of this region has been already achieved by publication of the shot noise measurements and their SBMFA interpretation for SU(4) Kondo CNT-QD [82] . Dellatre Naturally no strict scaling properties are expected in these regions, and apart from Kondo temperature also other energy scales come into play connected with charge fluctuations or with the strength of symmetry breaking fields. Our task is to explain how the interplay of Kondo and other many-body correlations reflect in spin dependent current and noise.
We focus in the following on the zero frequency shot noise, but it is not what is experimentally measured. In many experimental studies one finds that the low frequency spectrum is governed by 1/f noise. To eliminate this spurious noise high frequencies are used, typically from 10 kHz up to 1 GHz [5, 82, 105, 106] . To get an insight into the limitations of use of zero frequency results for analysis of experimental data it is useful to compare the zero frequency and finite frequency results in the voltage range of interest. [82] . Use of SBMFA beyond unitary limit is less justified and requires the full numerical solutions of equations, but we also use this technique in this region. Moreover we present also some SBMFA results for mixed valence range, where in principle this approximation does not hold, but we show them only to visualize the tendency. One more comment is necessary. It is well known in literature [32, 82] ,that for large bias (V > 2T K ) SBMFA breaks down (b → 0), and the width of the resonance peaks decrease in an abrupt manner. This reflects e.g. in the appearance of artificial negative magnetoresistance. To avoid this problem some authors introduce regularization procedures [32, 82] . In our analysis we restrict in SB discussion only to the region V < 2T K . In the following pictures, if not stated in a different manner, all the energies are given in units of Γ and the half bandwidth Figure 3 presents a comparison of different many-body methods and approximations for non-equilibrium GFs used by us for calculation of the shot noise in the case of U → ∞. Fig. 3a shows the low voltage value of Fano factor, which for a very deep level at the dot and chosen low temperature almost reaches the limiting value 0.5 corresponding to the "halfed" zero bias single channel conductance of SU(4) Kondo systems.
As expected this result is numerically best reproduced by SBMFA calculations. EOM and ter. This can be understood by an insight into the transmissions (Fig. 3b) , where especially strong hybridization of atomic and Kondo peaks is observed in NCA case. The problem of large width of Kondo resonance of the exact NCA solution in the limit T → 0 is well known in literature [101] . For comparison we have also plotted on Fig. 3b Fermi-liquid transmission, that includes both elastic and inelastic contributions as discussed in [81] . SB and F-L curves exactly reproduce the "halfed" value of transmission at the Fermi energy. In Fig. 3c Fano factor for SU (4) and takes value F = 1/2 in the whole presented range. Curve EFL denotes F (V ) calculated within F-L approach as presented in [81] , but including only elastic terms and curve FL takes into account both elastic and inelastic contributions [81] . As it is seen elastic scattering leads to suppression of the noise for higher voltages, whereas inelastic processes enhance the noise. Charge fluctuations which are inherent in EOM or NCA formalism cause deviation from the limiting value 0.5 at small bias. Minima of EOM and NCA F (V ) curves are mainly determined by Kondo temperature, but they are also influenced by position of dot energy. The curve denoted as EOM2 illustrates the effect of more accurate treatment of correlations in noise beyond decoupling (16) . In EOM2 approximation instead of using decoupling (16) we have written down EOM for the corresponding two-electron GFs (15) and then decoupled the two-particle (conduction electron-dot electron) GFs occurring at the r.h.s. of the mentioned EOM in the spirit of Lacroix approximation and replaced occupation operators in the three-particle functions by their averages:
As it is seen on Fig. 4a taking into [82] give values of IF very close to 0.5, which is the number predicted by SBMFA theory. This is a consequence of the fact that quasiparticles in this picture are scattered elastically on spin-orbital singlet resonance. Fig.4b shows that also other approximations trace this result in the deep dot level limit where charge fluctuations are of minor importance. Exception is Fermi liquid theory, which gives IF = −0.3 and this is a consequence of the earlier mentioned inelastic scattering resulting from polarization effects of spin-orbital singlet [81] . for the future publication and in the following we rather concentrate on the impact of symmetry breaking perturbations. Not trying to do any qualitative predictions it is worth to observe the qualitative resemblance of some of the finite U curves from Fig.4d to the experimental data presented in [82] . Apart form the oversimplified approximations used by us one has also to remember that our calculations concern zero frequency whereas experiment [82] has been done for finite frequency. In this case if T = 0 it is not possible completely separate the shot noise from thermal noise (see eq. (127) from Ref. [1] ).
Let us close this paragraph by a comparison of F for finite U with infinite U limit (Fig. 5a ). This will help to follow the analysis presented in the next section. Similarly as we mentioned in the discussion of IF , the low bias dependence of F outside the unitary limit is not solely determined by Kondo correlations. For infinite U charge fluctuations (n = 0 ⇆ n = 1) play also the role and for finite U additional fluctuations (n = 1 ⇆ n = 2) come into play. The reader is referred to an example of DOS (Fig. 5c the systems where the role of one of the degrees of freedom is suppressed and the system is left in an SU(2) Kondo state stemming from the other degree of freedom or where both quantities are knocked out from the degeneracy, but the dot is still close enough to the degeneracy and the richness of cotunneling processes strongly influence the shot noise.
1) Magnetic field
Let us first discuss the influence of field perpendicular to carbon nanotube axis, which breaks only the spin degeneracy. In Fig. 6a the field dependence of the Fano factors for both spin channels calculated within SBMFA (Coleman, K − R) are presented. As it is seen in the limits of small fields h ≪ T K and large fields h ∼ T K , both approximations give qualitatively similar results. The monotonic increase of Fano factor for up spin channel a strong suppression of linear Fano factor for this spin orientation. For higher fields (Fig.6f) the three peak structure in DOS is observed, what is in contrast to SBMFA DOS (Fig. 6e) . close to E F .
2) Spin filtering
We discuss now the spin dependent shot noise of CNT Kondo single shell spin filter [121] .
This recently proposed by us filtering mechanism is based on the field induced tuning of the spin-polarized nondegenerate states from the same shell into orbital degeneracy. A similar idea was put forward earlier in [60] , but the involved orbital states were from different shells of CNT-QD, which implied a use of high magnetic fields for filtering of order of several Teslas in contrast to the present proposition where fields of order of fraction of Tesla are sufficient. In our proposal it is assumed that the considered CNT-QD are characterized by an orbital level mismatch (∆ orb = 0), which is expected to occur e.g. in nanotubes with torsional deformation. Axial magnetic field might recover the orbital degeneracy either within the same spin sector (ǫ −1+ = ǫ 1+ and ǫ −1− = ǫ 1− for h = ∆ orb /2µ orb ) or with the mixing of spin channels (ǫ −1− = ǫ 1+ for h = ∆ orb /2(µ orb − 1), or ǫ −1+ = ǫ 1− for h = ∆ orb /2(µ orb + 1). In the former case almost the same polarizations of conductance are observed for both orbital channels, whereas for the latter the spin polarizations of different orbital sectors have opposite signs. The total polarization of conductance of CNT-QD spin filter together with the orbital resolved polarizations are displayed on Fig. 8a. Fig. 8b presents the corresponding spin resolved Fano factors. The field induced restoring of orbital degeneracy allowing the occurrence of orbital Kondo effect reflects also in a strong field suppression of Fano factor for one of the spin channels.
3) CNT-QD coupled to ferromagnetic leads
The Kondo effect in a quantum dot attached to ferromagnetic electrodes was widely discussed in literature, but only for SU (2) 
The first term in (24) corresponds to electron-like processes and the second to holelike. The renormalizations can intuitively be understood as follows [54] . In the emptying processes of the dot i.e. fluctuations between single occupied state |mσ and empty state |0 an electron with majority-spin can tunnel between the QD and the leads easier than an electron with opposite orientation and this effectively shifts down in energy the majorityspin state at the dot. Concerning filling processes there are two types of them intra and interorbital. Only the former are spin sensitive and induce spin splitting of the effective dot energies. This is a consequence of Pauli principle which allows for the virtual tunneling of electron of the opposite spin to the electron that already resides at a given orbital (|mσ → |mσ |m − σ ). The intraorbital fluctuations cause shift down of the renormalized dot energy of the minority spin electrons. Depending on the dot level position the dominant role in determining the exchange splitting is played either by electron or by hole processes. This gives the possibility of gate (electric field) control of spin-splitting in a quantum dot.
As an illustration we show on Fig. 9a the plots of exchange splitting as a function of gate voltage for two values of polarization and in Fig. 9b the examples of DOS for vanishing exchange field and for finite exchange splitting. The influence of polarization on the manybody DOS is twofold, first it introduces the difference in heights and widths of spin resolved peaks due to the spin dependence of tunneling rates and second, it redistributes in energy the spin partial contributions to DOS due to nonvanishing exchange field. As it is seen for ∆ = 0 the spin-orbital fluctuations are not fully resolved in energy and only a weak dip is marked in DOS, for large enough exchange splitting (|∆| ≫ 0) the three peak structure is observed, the central peak originates from orbital spin conserving processes and the satellites reflect the spin and spin-orbital fluctuations. The relative position of majority and minority spin satellites depend on the sign of ∆. For ∆ > 0 lower satellite is characterized by minority spin orientation. The additional curves of DOS for AP configuration displayed also on Figs.
9b,c will be used later in the text for interpretation of dependencies presented on Fig. 11 .
In the next picture (Fig. 10) is observed in this range. It is worth to underline that the positive giant linear T MR for ∆ < 0 is in contrast to negative linear T MR observed for SU(2) symmetry [27, 50] . For SU(2) case however only spin is engaged and the exchange field splits the Kondo peak for P configuration. For V g = −1.5, where exchange splitting vanishes (Fig. 9a) linear T MR has a local maximum. In the neighborhood of this point exchange splitting is small and it does not play the important role in determining the dominance of Kondo transmission at E F for any configuration. The magnitude of linear TMR in this region is mainly determined by the difference of effective couplings of the dot to the leads for both configurations. For still higher voltages T MR saturates, the observed limit is slightly enhanced in comparison to the Julliere prediction [122] (for P = 0.6 the Julliere limit is 0.53). This is a consequence of the weak influence of high energy charge fluctuations. It is instructive to compare the discussed bias dependence of T MR with the bias dependence of polarization of conductance for parallel magnetization configuration PC (Figs. 11d) . Since the bias evolution of both quantities has to a larges extend the same source it is not surprising that maxima of T MR coincide with minima of polarization PC. With the change of the sign of ∆ the spin up and spin down satellite change their role on the energy scale. This is reflected in the observed difference in the character of bias dependence of polarization reverse, from the mild transition for ∆ > 0 to the sharp jump for ∆ < 0. Such a behavior is dictated by an asymmetric shape of the satellites (Fig. 9c) . we use e.g. by introducing higher order truncation beyond Lacroix's, but this point is postponed for the future publication. Here we discuss the case where, spin-opposite current noise S σ−σ results from the real spin-flip scattering. The spin-flip term (3) is assumed to be coherent, in the sense that spin-flip strength R involves reversible transitions between up and down-spin states on the dot. These transitions may be caused e.g. by transverse component of a local magnetic field [123] . and T K + (∆ + 2R) are not well separated from the central peak and the low energy satellite T K + ∆ − 2R is only poorly visible. For AP configuration the splitting is caused by spinflips alone and T σσ LR has a three peak structure (ω ≃ T K and ω ≃ T K ± 2R) (Fig.12 b) . The same mechanism can also result in the change of sign of spin current with voltage.
Change of the sign of I z means change of polarization of current. Reversal of polarization of current can occur on both electrodes (e.g. Fig. 13e ) or on only one of them (Fig. 13f ).
For some values of bias, current becomes unpolarized at one of the electrodes, but remains what reflects in bias dependence of spin current with possibility of change of its sign. is interesting from application point of view. 
IV. CONCLUSIONS
We have investigated the effects of symmetry breaking perturbations on transport through CNT-QD in spin-orbital Kondo regime. Our study is addressed to spintronics and we have probed the symmetries examining the impact of magnetic field and polarization of electrodes.
The conclusions drawn in this paper can be easily adopted also for the case of manipulating of orbital degree of freedom (orbitronics). The difference of orbital currents plays then the role analogous to spin polarization of current, the torsional strain inducing orbital level mismatch is analogue of perpendicular magnetic field, the interorbital hopping corresponds to spin-flip scattering rate etc.. As we discussed, noise in the systems with strong interactions cannot be understood solely in terms of transmission, but still interpretation of symmetry breaking effects on the shot noise based on Landauer-Büttiker type form with interaction renormalized transmission is a reasonable starting point. The linear conductance cannot reliably distinguish between SU(2) and SU(4) Kondo effects in the unitary limits [4, 70] .
The shot noise distinction is evident. For SU(2) symmetry the shot noise vanishes in this limit and as has been first shown in [82] and is confirmed by our calculations, SU(4) Kondo dot remains noisy (F = 1/2). The background for this difference lies in a remarkable difference in the structure of Kondo resonances for both symmetries, the SU(2) resonance is pinned to the Fermi level and SU(4) peak is broader and shifted from E F by ω ∼ T SU (4) K .
It also reflects in finite bias location of differential conductance maximum and minimum of the shot noise. Naturally the perturbation induced reconstruction of transmission close to E F is also quite different for both symmetries. In case of SU (4) CNT-QDs provide interesting model to test the theory of exotic spin-orbital Kondo effect.
From the experimental point of view CNTs are ideally suited for shot noise measurements due to the high Kondo temperatures, in which case relatively high currents can be applied.
So far only one report has been published on the shot noise measurements in the spin-orbital Kondo regime [82] . There is still a lack of spin-resolved noise measurements in this range.
The technology of coupling of CNTs to ferromagnetic electrodes is well elaborated [94] and a number of interesting transport results have been obtained in the spin-orbital Kondo range for CNT-QD attached to paramagnetic leads [60] [61] [62] [63] . Spin-resolved current noise measurements are within reach of present-day measuring techniques e.g. by spin filtering methods [128] , or by detecting magnetization fluctuation in the leads which senses the spin current noise via spin-transfer torque [129] . We believe that results presented in this paper will stimulate the experimental effort to use the noise measurement as a tool to probe the spin effects of SU(4) Kondo correlations.
